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1. Introduction,
This report documents the results of a continuing study by the U.S. Army Corps of Engineers (USACE) 

and Ross Island Sand & Gravel (Ross Island) to investigate best management practices (BMPs) for 

limiting methylmercury (MeHg) and sediment loadings to the Sacramento and Stockton Deep Water Ship 

Channels (DWSCs) during discharge of ponded water from dredged material placement (DMP) areas. 

Previous studies in 2009 (AMS, 2010) and 2010 (AMS, 2011) found that the concentration of MeHg 

within ponded water in DMP sites increased during settling of slurry dredged from the DWSCs. The 

potential for this water to be discharged into receiving waters is of concern to the USACE and State of 

California regulatory agencies. These early findings have implications for ongoing maintenance dredging 

as well as for upcoming channel deepening projects. 

2. Background,
In 2009, MeHg concentrations and ancillary parameters were sampled across five DMP sites where 

ponded water was available (AMS, 2010). MeHg concentrations in DMP site water increased rapidly 

during the first 1–2 weeks of settling. Additionally, the study identified two factors potentially useful in 

controlling the MeHg concentration in water discharged from DMP sites: (1) the duration that dredged 

slurry was allowed to settle at DMP sites; and (2) the amount of vegetation-derived organic matter present 

during the settling process.  

In 2010, monitoring cells were constructed at three DMP sites during dredging to allow better control of 

experimental treatments designed to test several BMPs for limiting MeHg discharges (AMS, 2011). That 

study tested: (1) whether removing vegetation from DMP sites prior to filling would result in lower 

MeHg concentrations in ponded water; (2) whether it was possible to discharge water from DMP sites 

after suspended sediment concentration (SSC) had decreased sufficiently but before MeHg concentrations 

had increased considerably; and (3) whether the soil chemistry at DMP sites was correlated with that in 

ponded water after inundating the site.  

Some of the results of the 2010 study were inconclusive, due to rapid dry-down in the vegetated cell at 

Roberts II. The findings were as follows: 

1. Removing vegetation at S-31 resulted in much lower MeHg concentrations in pond water at that 

site. However, this finding was not repeated at Roberts I. The effect of vegetation removal at 

Roberts II was inconclusive because the vegetated cell did not retain water past the first day of 

the study. 

2. At S-31, the optimal time to discharge appeared to be 2–4 days after input of dredged material. 

However, the trend at Roberts I and II was a decrease in MeHg concentration over time. 

Additionally, the rapid dry-down of the vegetated cell at Roberts II was problematic. 

3. Soil concentrations of MeHg, total mercury (THg), and total organic carbon (TOC) did not co-

vary with pond water quality. 

3. Objectives,
The current study was similar to the 2010 study in design and questions addressed, with the following 

study design changes: 
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• Initial between-cell differences in chemistry during the 2010 study were thought to have resulted 

from varied sediment:water ratio of dredged material placed in the cells. To address these 

differences, AMS personnel visually monitored the filling of cells at each site to ensure that they 

were similar and representative of typical dredged material.  

• To address problems with the monitoring cells drying down rapidly in the 2010 study, the cells 

were instead filled twice within the first 24 hours. The goal was to replace water that percolated 

into the soil, evaporated, or was absorbed by plants. Because the study was designed to monitor 

how water chemistry evolved in settling dredged material, it was important to begin monitoring 

after there was no further material added to the cells. The final fill was termed Day 0 like in the 

2010 study, and this day marked the start of the time-series sampling. The initial fill day was 

termed Day -1. 

• Turbidity was measured in addition to SSC. Turbidity will be treated as the primary indicator of 

sediment in DMP site pond waters that could be discharged to deep water ship channels. 

• Samples were not collected on Day 12, because water would not normally be held longer than 10 

days during maintenance dredging. 

• Soil samples were not collected, because concerns about initial soil concentrations of MeHg, 

THg, and TOC were addressed in the 2010 study. 

• Time-zero samples for MeHg were collected on days -1 and 0, immediately after the cells were 

filled. These samples were collected as two independent grabs, with the purpose of identifying 

variation in MeHg concentration in newly placed dredged material. 

4. Study,Design,
The 2011 monitoring effort consisted of collecting water samples and field measurements at three DMP 

sites (S-31, Roberts Island II, Roberts Island I) during annual maintenance dredging operations in the 

Sacramento and Stockton DWSCs. To determine the effect of removing vegetation on MeHg 

concentrations in pond water, two adjacent monitoring cells were constructed at each DMP site to 

represent vegetated (control) and cleared (treatment) conditions. 

Throughout this report, we will discuss the timing of sample results relative to the number of days elapsed 

after completing the placement of dredged material in the monitoring cells. Thus, Day 0 refers to the day 

that personnel finished filling the cells, and is the reference point to which other sample results are 

compared. For example, Day 4 refers to the fourth day following dredged material placement. A 

complication to this terminology is that the cells were filled twice in 2011. As mentioned above, the final 

placement of material and start of time-series sampling was termed Day 0, so we refer to the initial fill 

event as Day -1. 

Sample collection and field measurements were conducted by AMS personnel. Personnel collected time-

zero water samples of MeHg concentration to identify short-term variations in MeHg shortly after 

dredged material was placed in the cells, immediately after filling on days -1 and 0. Water samples were 

collected over approximately two weeks following placement of dredged material to determine how 

MeHg, turbidity, SSC, and TOC co-varied. Based on previous studies (AMS, 2010; 2011), it is during 

this period that turbidity was expected to decrease rapidly during settling and MeHg was expected to 

increase rapidly during methylation. 
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Field personnel collected additional water samples from outside the cells at each site to represent 

conditions from which effluent could potentially be discharged, and to provide a reference to compare 

typical water quality at the DMP site with that in the vegetated cell. These “effluent discharge areas” were 

chosen based their typical vegetation characteristics for the site, proximity to the monitoring cells, and 

likelihood to retain water by the end of the study. It is important to stress that no discharged water was 

sampled during the study. 

Field sampling and measurements included the following components (see also Table 4-1): 

1. Collected time-zero water samples for MeHg from the monitoring cells on Day -1 and Day 0. 

Day -1 was the first fill. Day 0 involved a second fill of the cells to replace water lost to initial 

percolation and evaporation. Personnel collected samples following placement of dredged 

material into the monitoring cells. 

2. Collected water samples for analysis of MeHg, SSC, TOC, and turbidity, and water quality field 

measurements for dissolved oxygen (DO), oxidation-reduction potential (ORP), temperature, pH, 

and electrical conductivity (EC), and water depth measurements from the monitoring cells on 

days -1, 0, 1, 2, 3, 4, 6, 8, 10. 

3. Collected additional water samples for THg from the monitoring cells on days 0, 4, and 10 to 

monitor the fate of source mercury. 

4. Collected water samples for analysis of MeHg, SSC, TOC, THg, and turbidity, and water quality 

field measurements for DO, ORP, temperature, pH, and EC from an effluent discharge area on 

days 4 and 10 to compare with the vegetated cell results. 

 

Table 4-1. Overview of sampling design for the 2011 monitoring study at DMP sites S-31, Roberts 

II, and Roberts I. Monitoring cells at each site consisted of a vegetated and cleared cell. The 

representative effluent discharge area was located outside the monitoring cells. 

Analyte Region 

Day 

-1 0 1 2 3 4 5 6 7 8 9 10 

MeHg1 Vegetated, cleared cells G G           

MeHg, SSC, TOC, turbidity 
Vegetated, cleared cells  C C C C C  C  C  C 

Effluent discharge area      C      C 

THg 
Vegetated, cleared cells  C    C      C 

Effluent discharge area      C      C 

DO, ORP, Temp, pH, EC 
Vegetated, cleared cells F F F F F F  F  F  F 

Effluent discharge area      F      F 

Depth Vegetated, cleared cells F F F F F F  F  F  F 

Day -1 = First fill of monitoring cells 

Day 0 = Second fill of cells, and start of standard monitoring 

G = Grab sample (two analyzed separately) 

C = Composite sample of three grabs 

F = Field measurement 
1 Time-zero samples, collected and analyzed as two separate grabs 
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5. Methods,
The following sections provide detail on sampling and laboratory analytical methods used for this 

investigation.  

5.1. Sample,Site,Selection,

AMS sampled three DMP sites during the study (Figure 5-1): 

1. S-31 is located on the Sacramento DWSC near West Sacramento. It was sampled from August 

20−31, 2011. 

2. Roberts II is located on the Stockton DWSC on the northern side of Roberts Island, west of 

Windmill Cove. It was sampled from October 19−30, 2011. 

3. Roberts I is located on the Stockton DWSC on the northern side of Roberts Island, across the 

river from Buckley Cove. It was sampled from October 31 to November 11, 2011. 

These sites were selected based upon their use during previous MeHg monitoring studies (AMS, 2010; 

AMS, 2011) and their consistent use in annual maintenance dredging projects. 

 

 

Figure 5-1. DMP site locations sampled during the 2011 monitoring effort. 

 

5.1. Construction,of,Monitoring,Cells,

The monitoring cells at each DMP site consisted of a control cell (vegetation undisturbed) and a treatment 

cell (vegetation cleared) constructed with earthen embankments (Figure 5-2). For clarity, we will refer to 

these cells respectively as the vegetated cell and cleared cell throughout the rest of this report. 

S-31

Roberts II

Roberts I



 

  Page 5 

 

Prior to sampling at each site, Ross Island personnel constructed monitoring cells by using a bulldozer to 

move and compact surrounding soil into levee walls approximately 6 feet tall around the cell margins. 

The cells were approximately 50 feet wide by 250 feet long and shared a common levee wall. In the 

vegetated cell the vegetation and soil were left undisturbed, whereas in the adjacent cleared cell the 

vegetation and topsoil were removed to a depth of several feet with a bulldozer before building the levee 

walls. The soil in the cleared cell was typically dry and compacted with no visible roots or other plant 

material. 

Some of the monitoring cells were new in 2011, whereas others were reused from the 2010 study. At S-

31, new cells were constructed about 1.5 miles downstream of the 2010 cells. At Roberts II, we used the 

same cells as in the previous study, but the bank heights were raised. At Roberts I, new cells were 

constructed that were shorter in length than those at the other sites due to restricted area of remaining 

vegetation, because soil was being removed from the site for reuse. 

 

 

 

  

Figure 5-2. Sampled DMP sites, showing adjacent vegetated (V) and cleared (C) cells constructed 

for this study. 

 

S-31 

Roberts II Roberts I 

V C 

C C V V 
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5.2. Installation,of,Depth,Gauges,

To record water column depth in the monitoring cells, AMS personnel installed depth gauges at three 

locations distributed evenly within each cell. Each gauge consisted of a PVC pipe marked in 10 cm 

intervals that was secured to a stake driven into the soil. The bottom of each gauge (i.e., the zero mark) 

corresponded to the pre-flooded sediment level at that location. 

5.3. Filling,Monitoring,Cells,

Monitoring cells were filled twice to ensure that water remained in the cells throughout the study. Ross 

Island pumped dredged material into the cells by laying the dredge spoils pipe over the levee wall of one 

end of each cell. Each cell took approximately 20 minutes to fill to a depth of about 3.5–5.5 feet. On Day 

-1, both the vegetated and cleared cells were filled back-to-back by manually shifting the pipe during 

filling. On Day 0, both cells were filled again to replace water that had been lost over the previous 24 

hours. 

5.4. Field,Sampling,Equipment,

5.4.1. Water Samples 

Field personnel used a portable peristaltic pump with pre-cleaned tubing to collect all water samples. 

Each tubing set consisted of a 3-foot length of Masterflex® 24 silicone tubing (1/4 inch inner diameter) 

that was in contact with the pump head, connected to a 20-foot section of fluorinated ethylene propylene 

tubing (3/16 inch inner diameter, 1/4 inch outer diameter) by insertion. All tubing was prepared and acid-

cleaned in a trace metal clean environment by the analytical laboratory, Brooks Rand Laboratories, LLC 

(BRL), and kept sealed in resealable plastic bags until used in the field.  

5.4.2. Field Measurements of Water Quality 

Personnel measured water quality parameters (DO, ORP, temperature, pH, electrical conductivity) by 

immersing field probes into water pumped into a plastic beaker that had been rinsed with site water. The 

field meters were calibrated prior to sampling each day.  

The following field meters were used to measure water quality parameters: 

• DO and temperature were measured with an ExStik® DO600 dissolved oxygen / temperature 

meter (Extech Instruments). An extended DO calibration was conducted using a “zero oxygen” 

calibration in sodium sulfite solution, to improve measurement accuracy for very low DO 

measurements. 

• ORP was measured with an ExStik® RE300 ORP meter. This meter did not require manual 

calibration. 

• pH and electrical conductivity were measured with an ExStik® II EC500 pH/conductivity/TDS 

meter (Extech Instruments). 

• Turbidity was measured with a LaMotte 2020we Turbidimeter (LaMotte Company). The meter 

calibration was confirmed daily with standard solutions, and measurements were blank-corrected 

daily using reagent-free water prepared by BRL. Before analysis, the sample vials were shaken to 

homogenize the sample. Some measurements on days -1 or 0 exceeded the instrument range of 

4,000 NTU, and required sample dilutions (2x) to obtain a result. In one instance (Day 2 at site 
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Roberts II in the cleared cell), two serial dilutions (4x) still resulted in an over-range reading, 

indicating that the sample had a turbidity of > 8,000 NTU. 

5.5. Sample,Collection,

5.5.1. Water Samples 

AMS collected water samples with a peristaltic pump. The pump tubing was attached to an extendable 

aluminum pole that allowed the sample intake to be placed into the water column without disturbing the 

sediment (Figure 5-3). Personnel set up the pump on the shared embankment between the vegetated and 

cleared cells to collect samples from each cell. The pump was moved as needed to reach remaining water 

as the cells dried. For the effluent discharge area samples, the pump was moved to a location outside the 

cells that was accessible and appeared likely to have water remaining throughout the study. All pumped 

water that was not used for samples or measurements was captured in a carboy to prevent the water from 

flowing back into the sampled pond. 

Sampling personnel wore PVC gloves during all sampling activities and followed standard “clean-hands, 

dirty-hands” protocols (e.g., MPSL-DFG, 2007). Before sampling each cell or the effluent discharge area, 

the pump tubing intake was placed into the water column at a depth of approximately 5 cm and allowed to 

draw water through the tubing for two minutes to flush the line. Because the main concern for cross-

contamination during sampling was with THg samples, sampling personnel used a new set of pre-cleaned 

tubing to collect from each cell and the effluent discharge area on days when THg samples were collected 

(Table 4-1). On all other days, sampling personnel used one tubing set and rinsed it between cells by 

flushing the tubing with water from each cell for approximately two minutes before collecting samples. 

 

 

Figure 5-3. Sample tube pumping water sample from the vegetated cell at DMP site S-31 (Day 2). 

The brown material on the water surface is algae. 

 

On Day -1 (the first fill) and Day 0 (the second fill of the monitoring cells and the start of time-series 

sampling), personnel collected time-zero water samples for MeHg analysis. These samples were collected 

as two grabs to be analyzed separately, with the goal of determining the variation in MeHg concentrations 
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associated with initially elevated turbidity. All other water samples were collected as three consecutive 

grabs that were composited in the lab and analyzed as a single composite sample. Samples were first 

collected from the cleared cell and then from the vegetated cell, because the cleared cell was expected to 

have lower concentrations of MeHg and THg. Samples from the effluent discharge area were collected 

last on a given sample day. 

To minimize the possibility of contamination affecting analyses, personnel collected mercury samples 

(MeHg and THg) first, followed by SSC, TOC, and turbidity. MeHg samples were collected into double-

bagged, 250 mL fluorinated polyethylene (FLPE) bottles preserved with 2 mL of 6N HCl, and THg 

samples were collected in double-bagged, 250 mL FLPE bottles with no preservative. Personnel collected 

SSC samples in 8 ounce high-density polyethylene bottles. TOC samples were collected in two 40 mL 

amber glass volatile organic analysis vials preserved with 0.5 mL of 1:1 HCl. Turbidity samples were 

collected in 40 mL amber borosilicate glass vials with no preservative.  

All water samples were transported in a cooler on ice to AMS, then refrigerated until delivered to the 

appropriate analytical laboratory. In the case of turbidity, the samples were analyzed immediately upon 

return to AMS, about 2–3 hours after collection. 

5.5.2. Quality Assurance / Quality Control Samples 

Collection of water samples for quality assurance / quality control (QA/QC) evaluation followed 

California Surface Water Ambient Monitoring Program (SWAMP) guidelines for frequency of field 

duplicates and field blanks (SWAMP, 2008).  

For MeHg and THg trip/travel blanks, one blank was collected per sample site and one additional blank 

was taken randomly during the sampling period, per discussion with the project participants. Field 

duplicates consisted of collecting additional samples for MeHg and THg immediately after collecting the 

original samples. 

Sampling personnel collected MeHg and THg field blanks after all other samples had been collected on a 

sampling day. For field blanks, the pump tubing was first flushed by rinsing the tip of the sample tubing 

with reagent-free water (prepared by BRL), then inserting the intake end into a 2 L bottle of the reagent-

free water and pumping approximately 1 L through the tubing. Then the field blanks were collected by 

continuing to pump the reagent water through the tubing and into pre-cleaned sample bottles. For trip 

blanks, reagent water prepared by BRL and sealed in bags was taken to the field site with the empty 

sample containers, then returned to BRL unopened. 

5.6. Field,Measurements,

Sampling personnel measured water quality parameters (DO, ORP, temperature, pH, EC) in each 

sampling location immediately after collecting water samples (Table 4-1). To avoid disturbing sediment 

in the ponds, sampling personnel measured the water quality parameters in water pumped into a plastic 

beaker that had been rinsed with site water. The measurements were collected immediately after filling 

the beaker in order to minimize changes in recorded parameters. 

The apparent depth of the monitoring cells was recorded from depth gauges installed in each cell, as 

described above. It was necessary to correct the depth gauge readings to account for the height of 

sediment that accumulated above each gauge’s zero mark when the dredged material settled. We recorded 
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the sediment height of the monitoring cells after they were dry and then subtracted that value to get the 

true water column depth. The exception was for the cleared cell at Roberts II, where apparent water 

depths of 55–60 cm remained nearly six weeks after the last sample was collected. Therefore, it was not 

possible to measure the height of accumulated sediment in that cell. For graphs, we therefore used the 

simplifying assumption that the accumulated sediment was the same for the corresponding gauges in the 

vegetated cell at Roberts II. Based on the observation at the other sites that the cleared cell typically had 

more accumulated sediment than did the vegetated cell (perhaps due to scouring and redistributing soil 

during filling), it is possible that our simple estimates are too low, in which case, water levels would have 

been lower than what is graphed (i.e., more of the apparent depth was accumulated sediment and less was 

water). 

One of the depth gauges in the cleared cell at Roberts I had been buried by bulldozer activity after the 

study, so it was impossible to record accumulated sediment in that region of the cell. Therefore, we 

assumed that sediment accumulation at that point was the average of the other two depth gauges in the 

cell. 

5.7. Laboratory,Analysis,

Water samples were composited and analyzed for MeHg and THg by BRL. Caltest Analytical Laboratory 

(Caltest) conducted compositing and analysis of water samples for SSC and TOC. Analytical methods 

and reporting information are presented in Table 5-1.  

 

Table 5-1. Laboratory information for samples analyzed during the study. 

Analyte Analytical Lab Analytical Method Units 

MeHg BRL
1
 EPA 1630M ng/L 

THg BRL
1
 EPA 1631 µg/L 

TOC Caltest
2
 SM20-5310 B mg/L 

SSC Caltest
2
 ASTM D3977-97 Method B-Filtration mg/L 

1 Brooks Rand Labs, 3958 6th Avenue NW, Seattle, WA 98107 
2 Caltest Analytical Laboratory, 1885 North Kelly Road, Napa, CA 94558 

 

6. Data,QA,Review,

6.1. Analytical,Results,

BRL noted several issues with analytical results for MeHg and THg that are discussed below. 

1. For one laboratory batch consisting of 30 MeHg samples from Roberts II, the sample containers 

were observed to contain silt. BRL prepared the samples at a reduced volume to protect 

laboratory equipment. As a result, elevated reporting limits (RLs) were associated with the 

samples. 



 

  Page 10 

 

2. For one composite THg sample from Roberts I, the lab mistakenly composited the wrong 

samples. Therefore, the result reported for that sample is for a single grab rather than a composite 

of three grabs as usual (noted in Table 11-5). 

3. For one laboratory batch for MeHg samples from Roberts I, the matrix spike (MS) / matrix spike 

duplicate (MSD) quality control samples were spiked less than the native sample concentration, 

and therefore the recoveries were not considered indicative of overall data quality. 

4. The MS/MSD set for one MeHg sample from Roberts I (Day 8) was under-spiked, because the 

sample was noted by the lab as smelling sulfurous, which can cause matrix interferences. The 

extent to which the sample was impacted was not obvious. 

5. In one laboratory batch, the MS performed on a MeHg sample recovered slightly above the 

acceptance limit, although the MSD was within acceptance criteria. 

6. For one TOC sample from Roberts II, the associated MS recovered at slightly above the 

acceptance criteria, so it was qualified due to possible matrix interferences. The quality control 

batch was accepted based on laboratory control sample and relative percent difference results. 

6.2. QA/QC,Samples,

Analytical results for QA/QC samples collected during this study met SWAMP criteria for measurement 

quality objectives for field duplicates, field blanks, and trip blanks (SWAMP, 2008), with the following 

exceptions (Table 12-1): 

1. A field blank for MeHg concentration at S-31 had a detectable result of 0.034 ng/L that was 

below the RL of 0.049 ng/L. The field sample collected from the same cell had a result that was 

over an order of magnitude greater than the blank value, so the blank was likely not a significant 

source of contamination. Water in this cell had extensive growth of brown algae, which was 

difficult to rinse from the end of the sampling tube before it was placed into the reagent-free 

water, so some of that organic material may have entered the reagent-free water during collection 

of the field blank. 

2. A field blank for THg concentration at S-31 and one at Roberts I had detectable results of 

0.00016 μg/L and 0.00018 μg/L, respectively, which were below the RL of 0.00040 μg/L. The 

associated field blanks for MeHg at these sites did not detect MeHg. The THg field samples 

collected from the same cells had values that were over two orders of magnitude greater than the 

blank values, so the blanks likely did not significantly affect the sample results. 

6.3. Data,Entry,

As a quality assurance check on data entry, a sample of 10% of entries in the report tables was reviewed 

against raw laboratory data. No errors were found in the entered data. 

7. Results,
The following sections describe conditions at the sampled sites, the patterns of measured analytes (MeHg, 

turbidity, SSC, TOC) and field measurements during the study period. 
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7.1. Vegetation,at,DMP,Sites,

Vegetation varied in type and density among the monitored DMP sites (Figure 7-1). Site S-31 vegetation 

consisted mainly of low-growing (2–3 feet tall) plants, dominated by yellow-star thistle (Centaurea 

solstitalis) and a dry grass, with some Queen Anne’s lace (Daucus carota) and minor occurrences of a 

taller dead thistle. This assemblage was very different from that during the 2010 study, when the 

vegetated cell consisted almost entirely of a dense stand of tall thistle (AMS, 2011). Vegetation types at 

the Roberts II and Roberts I sites were similar to one another, and more diverse than that present at S-31. 

The Roberts sites consisted of feathery stalked plants (about 4–5 feet tall) and a variety of low brush (2–3 

feet tall) with patchy distribution, which was similar to what was observed during the 2010 study. 

 

 

 

  

Figure 7-1. Representative vegetation at sampled DMP sites. 

 

7.2. Weather,Conditions,

Air temperature and precipitation differed among sites during August through November of 2011 (Figure 

7-2). Air temperature was highest at S-31, followed by Roberts II and Roberts I. Precipitation occurred 

only during sampling only at Roberts I (0.08 in). 

S-31 

Roberts II Roberts I 
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Figure 7-2. Mean daily air temperature (dotted lines) and precipitation (vertical bars) near the 

sampled DMP sites (Weather Underground, 2012a, 2012b). Monitoring periods for each site are 

indicated by shaded regions. Heavy solid lines for temperature indicate a 12-day moving average to 

clarify general differences among sites. 

 

7.3. Water,Depths,of,Monitoring,Cells,

At all DMP sites, the water depth of both monitoring cells dropped rapidly after filling, but there was 

sufficient water to sample throughout the study period (Figure 7-3). In each pair, the cleared cell initially 

contained a greater water volume, because the bottom was at a lower elevation due to having been 

scoured out with a bulldozer. Filling the cells twice solved the problem in the 2010 study of not having 

enough water to sample throughout the study sampling period. 
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Figure 7-3. Variations in water depth over time within the monitoring cells. Lines indicate mean 

values (n = 3) and shaded regions indicate ranges. Depths were corrected for the height of sediment 

that accumulated during the study period. The vertical shaded period indicates when the cells were 

filled with dredged material (i.e., on days -1 and 0). Cloud symbols and vertical hatched areas for 

Roberts I indicate periods of precipitation at that site. At Roberts I, the water level was above the 

tops of the depth gauges until Day 8 in the cleared cell, so only a lower depth limit was known for 

days before then. 

 

7.4. DMP,Site,ST31,

Field personnel monitored the S-31 site during the period of August 20–31, 2011. There was no 

precipitation at S-31 during the study period (Weather Underground, 2012a) (Figure 7-2). The effluent 

discharge area was located off the levee road, about 0.5 mi south of the monitoring cells. Areas closer 

were silted in. 

7.4.1. Water Analyses 

Time-zero grab samples analyzed for MeHg were consistent within each cell (Table 11-1). On Day -1, 

MeHg concentrations in the vegetated cells were 0.253 ± 0.001 (mean ± 1σ) ng/L and values in the 

cleared cell were 0.246 ± 0.028 ng/L. On Day 0, values in the vegetated and cleared cells were 0.228 ng/L 

(identical value for both grabs) and 0.152 ± 0.005 ng/L and, respectively. The similar values for both 

grabs during each sampling event suggest that the dredged material was well-mixed within the cells. Also, 
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the similar MeHg concentrations in the vegetated and cleared cells during the initial water sampling event 

(Day -1) indicate that the composition of the dredged material pumped into each cell was similar. 

MeHg concentrations increased considerably in the vegetated cell to a maximum on Day 6, whereas 

MeHg in the cleared cell varied little (Figure 7-4, Table 11-1). MeHg concentrations also increased at the 

effluent discharge area between days 4 and 10. 

THg concentrations decreased between Day 0 and Day 4 in the vegetated and cleared cells, and changed 

little from Day 4 to Day 10 (Figure 7-4, Table 11-1). THg concentrations in effluent discharge samples 

decreased between days 4 and 10. 

SSC and turbidity dropped in the vegetated and cleared cells to approximately 90% of the Day 0 value by 

Day 2 (Figure 7-4, Table 11-1, Table 11-2). A large decrease in turbidity between days -1 and 0 in both 

cells suggests that the dredged material added on Day 0 had less suspended material than that added 

during the first fill. SSC and turbidity also dropped in the effluent discharge area between days 4 and 10. 

TOC concentrations in the vegetated cell increased rapidly to a maximum on Day 4 (Figure 7-4, Table 

11-1). In contrast, TOC in the cleared cell increased only slightly throughout the study.  

7.4.1. Field Measurements 

Water quality parameters measured in the field indicated different dynamics of water chemistry in the 

vegetated and cleared cells (Figure 7-5, Table 11-2). For example, DO concentrations and pH in the 

vegetated cell were consistently lower than those in the cleared cell, which is consistent with higher 

bacterial respiration in organic-rich water. ORP in the vegetated cell exhibited large fluctuations, whereas 

the cleared cell showed values that decreased slightly during the study after Day 0.  
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Figure 7-4. Analytical results for composite water samples collected at DMP site S-31 during 

August 20–31, 2011. The shaded region indicates the period during which the cells were filled with 

dredged material (i.e., on days -1 and 0). Day -1 MeHg is plotted as the average of both grab 

samples. Values labeled “Effluent” were from a representative effluent discharge area, not 

discharged water. 
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Figure 7-5. Field measurements of water quality recorded at DMP site S-31 during August 20–31, 

2011. The shaded region indicates the period during which the cells were filled with dredged 

material (i.e., on days -1 and 0). Values labeled “Effluent” were from a representative effluent 

discharge area, not discharged water. 
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7.5. DMP,Site,Roberts,II,

Field personnel monitored the Roberts II site during the period of October 19-30, 2011. There was no 

precipitation at Roberts II during the study period (Weather Underground, 2012b) (Figure 7-2). 

7.5.1. Water Analyses 

Time-zero grab samples analyzed for MeHg were consistent within each cell (Table 11-3). On Day -1, 

values in the vegetated cell were 0.349 ± 0.001 and values in the cleared cell were 0.407 ± 0.011 ng/L. On 

Day 0, values in the vegetated and cleared cells were 0.559 ± 0.011 ng/L and 0.712 ± 0.012 ng/L, 

respectively. The similar values for both grabs during each sampling event suggest that the dredged 

material was well-mixed within the cells. The similar MeHg concentrations in the vegetated and cleared 

cells during the initial water sampling event (Day -1) indicate that the composition of the dredged 

material pumped into each cell was similar. 

MeHg concentrations in the vegetated cell decreased between days 0 and 1, and then increased to a 

maximum on Day 6 (Figure 7-6, Table 11-3). In the cleared cell, MeHg concentrations decreased slightly 

over the study period. MeHg concentrations were relatively unchanged at the effluent discharge area 

between days 4 and 10. 

THg concentrations decreased between Day 0 and Day 4 in the vegetated cell and the cleared cell, and 

changed little from Day 4 to Day 10 (Figure 7-6, Table 11-3). Samples from the effluent discharge area 

decreased slightly between days 4 and 10. 

SSC dropped in the vegetated cell to approximately 70% of the Day 0 value by Day 2, and turbidity 

dropped by 80% over this period (Figure 7-6, Table 11-3, Table 11-4). In the cleared cell, both parameters 

dropped by over 90% during this period. There was a relatively large difference in the turbidity of 

dredged material added to the cells between days -1 and 0. SSC and turbidity decreased in the effluent 

discharge area between days 4 and 10. 

TOC concentrations in the vegetated cell doubled between days 0 and 3 (Figure 7-6, Table 11-3). A large 

decrease on Day 4 was followed by a return to higher concentrations, which suggests a rapid and short-

lived chemical shift. The TOC concentration decrease on Day 4 is surprising, because if it had not 

dropped, the TOC curve would have been similar to that observed at S-31 (Figure 7-4). There is nothing 

in the laboratory quality control information to suggest that there were analytical issues with this result. 

The reason for the TOC decrease is unknown, but one possibility is that the water sample may have 

contained less particulate organic matter than TOC samples collected on other days. In contrast with the 

vegetated cell, TOC concentrations in the cleared cell decreased between days 0 and 1 and then were 

relatively unchanged throughout the rest of the study (3.4 to 3.7 mg/L).  

7.5.1. Field Measurements 

Water quality parameters measured in the field showed similar differences between the vegetated and 

cleared cells that were observed for the S-31 site. For example, DO concentrations, ORP values, and pH 

were typically lower in the vegetated cell (Figure 7-7, Table 11-4).   
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Figure 7-6. Analytical results for composite water samples collected at DMP site Roberts II during 

October 19–30, 2011. The shaded region indicates the period during which the cells were filled with 

dredged material (i.e., on days -1 and 0). Day -1 MeHg is plotted as the average of both grab 

samples. Turbidity for Day 0 was >8,000 NTU, but plotted at a value of 9,000 NTU for display 

purposes. Values labeled “Effluent” were from a representative effluent discharge area, not 

discharged water. 
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Figure 7-7. Field measurements of water quality recorded at DMP site Roberts II during October 

19–30, 2011. The shaded region indicates the period during which the cells were filled with dredged 

material (i.e., on days -1 and 0). Values labeled “Effluent” were from a representative effluent 

discharge area, not discharged water. 
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7.6. DMP,Site,Roberts,I,

Field personnel monitored the Roberts I site during the period of October 31 to November 11, 2011. The 

site received about 0.8 inches of precipitation over the study period, on days 2, 5, and 10 (Weather 

Underground, 2012b) (Figure 7-2). 

7.6.1. Water Analyses 

Time-zero grab samples analyzed for MeHg were consistent within each cell (Table 11-5). On Day -1, 

values in the vegetated cells were 0.526 ± 0.001 ng/L and in the cleared cell were 0.694 ± 0.100 ng/L. On 

Day 0, values in the vegetated and cleared cells were 0.404 ± 0.011 ng/L and 0.243 ± 0.001 ng/L, 

respectively. The relatively similar values for both grabs during each sampling event suggest that the 

dredged material was well-mixed within the cells, although the higher variation between the two grabs in 

the cleared cell may indicate that mixing was still taking place while we sampled. The similar MeHg 

concentrations in the vegetated and cleared cells during the initial water sampling event (Day -1) indicate 

that the composition of the dredged material pumped into each cell was similar. 

MeHg concentrations were considerably higher in the vegetated cell relative to the cleared cell by the end 

of the study period (Figure 7-8, Table 11-5). MeHg concentrations in the vegetated cell decreased 

between days 0 and 1, and then increased to a maximum value on Day 10, the last sampling day. In the 

cleared cell, MeHg concentrations decreased slightly over the study period. MeHg concentrations did not 

change at the effluent discharge area between days 4 and 10. 

THg concentrations decreased between Day 0 and Day 4 in the vegetated cell and cleared cells, and 

changed little from Day 4 to Day 10 (Figure 7-8, Table 11-5). Samples from the effluent discharge area 

decreased between days 4 and 10. 

SSC dropped in both cells to approximately 85% of the Day 0 value by Day 2, and turbidity dropped by 

about 95% during that period (Figure 7-8, Table 11-5, Table 11-6). There was a relatively large difference 

in the turbidity of dredged material added to the cells between days -1 and 0. SSC and turbidity decreased 

in the effluent discharge area between days 4 and 10. 

TOC concentrations were considerably higher in the vegetated cell relative to the cleared cell (Figure 7-8, 

Table 11-5). TOC concentrations approximately doubled over the study period in the vegetated cell, 

whereas the in the cleared cell TOC increased only very slightly.  

7.6.1. Field Measurements 

Water quality parameters measured in the field were typically different between the vegetated and cleared 

cells, but tracked one another (Figure 7-9, Table 11-6). The vegetated cell had lower DO, pH, and ORP 

than the cleared cell. Samples collected at the effluent discharge area typically had values intermediate 

between those of the vegetated and cleared cells. 
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Figure 7-8. Analytical results for composite water samples collected at DMP site Roberts I during 

October 31 to November 11, 2011. The shaded region indicates the period during which the cells 

were filled with dredged material (i.e., on days -1 and 0). Cloud symbols and vertical hatched areas 

indicate periods of precipitation at Roberts I. Day -1 MeHg is plotted as the average of both grab 

samples. Values labeled “Effluent” were from a representative effluent discharge area, not 

discharged water. 
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Figure 7-9. Field measurements of water quality and water column depth recorded at DMP site 

Roberts I during October 31 to November 11, 2011. The shaded region indicates the period during 

which the cells were filled with dredged material (i.e., on days -1 and 0). Cloud symbols and vertical 

hatched areas indicate periods of precipitation at Roberts I. Values labeled “Effluent” were from a 

representative effluent discharge area, not discharged water. 
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8. Discussion,
The primary goals of this study were to evaluate two BMP strategies for reducing MeHg discharged from 

DMP sites. The strategies involved: (1) identifying the optimal time (with respect to turbidity and MeHg 

concentration) to discharge DMP site water after dredged material placement; and (2) removing 

vegetation from a DMP site prior to dredged material placement to determine its affect upon MeHg 

production. The following sections address those goals and further discuss changes in the measured water 

quality parameters over time. 

8.1. ,Optimal,Timing,for,Discharge,

Results of the 2009 and 2010 monitoring studies (AMS, 2010; 2011) suggested that there may exist an 

optimum time to discharge DMP site water back into receiving waters, after suspended sediment had 

settled out of the dredged material but before MeHg production had increased. The frequent sampling of 

turbidity and MeHg concentration in the 2011 study was designed to help identify such a time. The two 

monitoring cells at three DMP sites offer the opportunity to evaluate this BMP strategy under varied 

conditions. 

The most rapid drops in turbidity at all sites occurred within the first day after placement of dredged 

material (Day 1) (Figure 8-1, top graphs). For S-31 and Roberts I, turbidity began leveling out after Day 

1. At site Roberts II, turbidity continued to decrease between one to three (vegetated cell) or one to four 

(cleared cell) days later, after which point values began stabilizing. 

In the vegetated cells at all sites, MeHg concentrations began increasing slowly after the first day, but did 

not increase considerably faster until around three (site S-31) or four (Roberts II or Roberts I) days later 

(Figure 8-1, bottom graphs). In the cleared cells, MeHg concentrations either decreased from the starting 

values (Roberts II and Roberts I) or increased negligibly (0.163 ng/L, S-31) over the study, and therefore 

had less potential to discharge MeHg than from the vegetated cells. 

The optimal discharge time would depend on discharge limits. However, when considering turbidity and 

MeHg concentration patterns together in this study and the different responses among sites, the study 

results suggest that the optimal time to discharge would fall between approximately one and three days 

following cessation of dredging activities.  
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Figure 8-1. Comparison of turbidity and MeHg for vegetated and cleared cells at all three DMP 

sites. Vegetated cells represent the control condition, whereas cleared cells had vegetation removed 

prior to filling with dredged material. Turbidity for Day 0 at Roberts II was >8,000 NTU, and 

plotted at a value of 9,000 NTU for display purposes. The lighter shaded region indicates the period 

during which the cells were filled with dredged material (i.e., on days -1 and 0). The darker shaded 

region represents the optimal timing for discharge suggested by this study, based upon low 

turbidity and MeHg concentrations. 
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8.2. Effects,of,Removing,Vegetation,on,Water,Quality,

To compare water quality parameters between the vegetated and cleared cells at each site, we first 

calculated changes for all data relative to the Day 0 measurements (i.e., the baseline). These baseline-

corrected values represented the change in an analyte since the final fill. We then identified the maximum 

change values (positive or negative) for each analyte over the course of the study and compared these 

values between cells to identify maximum differences (Figures 8-2 and 8-3). 

The maximum changes in MeHg concentrations over the study were different between the vegetated and 

cleared cells at all sites. For each site, MeHg concentrations increased considerably in vegetated cells, 

with the largest change observed at S-31 (Figure 8-2). In the cleared cells, there was only a marginal 

increase (S-31) or decrease (Roberts II and Roberts I) in MeHg. Therefore, removing vegetation from the 

monitoring cells resulted in lower MeHg concentrations in pond water at all sites.  

The patterns of water chemistry changes between vegetated and cleared cells were very similar for 

turbidity, SSC, and THg (Figure 8-2). All sites showed decreases in these three parameters. S-31 and 

Roberts I showed decreases of similar magnitude between the vegetated and cleared cells. Roberts II 

showed much larger decreases in the parameters relative to the other sites, and a large difference between 

the vegetated and cleared cells, with larger decreases in the cleared cell. The similar patterns in these 

parameters suggest that THg is adsorbed to suspended sediment particles, and therefore decreases as 

sediment settles out of the water column. 

Not surprisingly, TOC concentrations increased more in vegetated cells relative to cleared cells (Figure 8-

2). At Roberts II, the largest change in TOC in the cleared cell was a slight decrease over the study. The 

relative magnitude of TOC concentration increases in vegetated cells among the sites followed the pattern 

observed for MeHg (i.e., S-31 was the largest, followed by Roberts I and then Roberts II). This pattern 

suggests a connection between the relative amount of organic carbon in the pond water and the amount of 

mercury methylation. 

Field measurements of water quality also differed between vegetated and cleared cells (Figure 8-3). DO 

concentrations increased more in the cleared cells vs. the vegetated cells at Roberts II and Roberts I, but at 

S-31 the vegetated cell had a slightly higher increase in DO concentration. Cleared cells showed a higher 

increase in pH relative to vegetated cells, especially at S-31, where pH decreased in the cleared cell. ORP 

differences were inconsistent between cells. EC increased more in the vegetated cells, with the highest 

increase at S-31, followed by Roberts II and Roberts I. EC can be thought of as a measure of how much 

the water concentrated during evaporation. Water temperature in the ponds decreased in both cells at all 

sites during the study, reflecting the changes in air temperature (Figure 7-2). The vegetated cells 

experienced the largest temperature decreases over the study, which likely reflects their shallower depths 

(and smaller thermal inertia) relative to the cleared cells. 
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Figure 8-2. Maximum change of analytical results from Day 0 for vegetated and cleared cells at all 

three DMP sites. Vegetated cells represent the control condition, whereas cleared cells had 

vegetation removed prior to filling with dredged material. Turbidity for Day 0 at Roberts II was 

>8,000 NTU, and plotted at a value of 9,000 NTU for display purposes. 
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Figure 8-3. Maximum change of field measurements from Day 0 for vegetated and cleared cells at 

all three DMP sites. Vegetated cells represent the control condition, whereas cleared cells had 

vegetation removed prior to filling with dredged material. Note that ORP at Roberts II in the 

vegetated cell increased and decreased by the same magnitude over the study, as shown by the bar 

that extends above and below the origin. 
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8.3. Correlation,Between,MeHg,and,Other,Analytes,

To evaluate how MeHg concentrations co-varied with other measured parameters during the study period, 

including turbidity, SSC, TOC, DO, temperature, ORP, pH, and EC, one must take into account how 

these variables interacted. For example, because MeHg and TOC both increased over time in vegetated 

cells, it is difficult to determine whether MeHg concentrations were more closely correlated with TOC or 

settling time (or both).  

The degree to which MeHg varied with each parameter was determined by performing partial correlations 

(r) between MeHg and each independent variable, while controlling for the effect of settling time (days 

since Day 0). A partial correlation reflects the correlation between variables that remains after the 

confounding influence of another variable (time, in this case) is effectively removed from those being 

compared. All data were rank-ordered prior to analysis to make their variances similar. THg was excluded 

from this analysis because there were fewer observations of this analyte (maximum 3 vs. 8 for other 

parameters).  

Only one comparison yielded a significant correlation with MeHg (Table 8-1). At Roberts I, ORP was 

significantly correlated (P < 0.05) with MeHg concentrations in the cleared cell. The negative partial 

correlation coefficient of -0.92 indicates that MeHg concentrations increased with decreasing ORP, and 

this correlation explained about 85% (i.e., r2) of the variability in MeHg. There were no other parameters 

that had significant correlations with MeHg concentration in other cells at the study sites. However, the 

partial correlation between DO and MeHg in the cleared cell at Roberts II had a P value of 0.05, which 

was only marginally insignificant. That comparison had a positive partial correlation of 0.75, meaning 

that DO and MeHg increased together, and the correlation explained about 56% of the variability in 

MeHg concentration. 

The paucity of measured water chemistry parameters that were significantly correlated with MeHg 

concentrations suggests that the most important influence on MeHg concentration was simply settling 

time, because our approach of controlling for time with partial correlations removed that effect. Time 

since placement of dredged material may be the dominant influence via its effect on the growth of sulfate-

reducing bacteria (SRB), which methylate inorganic mercury. Alternatively, another time-correlated 

parameter that was not measured in the study, such as dissolved organic carbon (rather than TOC, which 

includes dissolved and particulate carbon), may be involved. 
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Table 8-1. Partial Correlations of Rank-transformed MeHg Concentrations vs. Other Analyte 

Values, Controlling for Time. 

MeHg vs. 

S-31 Roberts II Roberts I 

Vegetated Cleared Vegetated Cleared Vegetated Cleared 

r P r P r P r P r P r P 

Turbidity -0.35 0.442 0.61 0.142 - - -0.02 0.964 - - - - 

SSC 0.02 0.974 0.28 0.539 - - - - - - - - 

TOC 0.07 0.876 0.54 0.212 -0.15 0.754 -0.41 0.361 0.64 0.125 -0.33 0.468 

DO -0.45 0.307 -0.64 0.119 0.26 0.576 0.75 0.050 0.13 0.788 0.47 0.289 

Temp -0.37 0.417 -0.62 0.142 0.26 0.576 -0.47 0.291 0.06 0.594 -0.33 0.476 

ORP 0.01 0.978 -0.23 0.615 0.05 0.922 -0.61 0.143 -0.69 0.084 -0.92 0.003 

pH -0.27 0.565 -0.31 0.505 0.09 0.849 0.18 0.693 -0.24 0.606 -0.26 0.578 

EC -0.02 0.958 0.27 0.553 0.03 0.941 0.04 0.928 -0.34 0.450 -0.01 0.987 

Notes: Each cell lists Pearson partial correlation coefficients (r) and P values for rank-transformed data. Shaded cells 

with bold text indicate significant correlations (P < 0.05) that remain after controlling for the effect of settling time 

(days). Negative r values indicate an inverse relationship between MeHg concentration and the analytes compared. 

The number of values compared (n) for each result was 8. Temp is the measured water temperature. Entries with “-” 

indicate comparisons in which the analyte being compared with MeHg varied perfectly with time, so controlling for 

time resulted in no remaining variation in the variable, and thus no correlation with MeHg concentration (i.e., the 

partial correlation was not significant). 

 

8.4. Correlation,Between,Turbidity,and,SSC,

In previous years (2009, 2010), we monitored the settling of sediment from dredged material as SSC. 

However, in 2011 it was decided to monitor turbidity as the primary indicator of suspended sediment in 

the ponds. To relate SSC and turbidity, we present a correlation shown in Figure 8-4. Data from both cells 

(vegetated and cleared) at all three sites are included in the graph. There did not appear to be differences 

in the relationship for different sites or between vegetated and cleared cells. Figure 8-4 is also useful for 

reviewing the ranges of turbidity and SSC observed during the 2011 study. 
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Figure 8-4. Correlation between turbidity and SSC for all three DMP sites (vegetated and cleared 

cells), with logarithmic scales on both axes. Turbidity for Day 0 in the Roberts II cleared cell (top 

right symbol) was estimated at >8,000 NTU, and plotted at a value of 9,000 NTU for display 

purposes. The plotted fit to all data has an R
2
 value of 0.95 (n = 48). A 1:1 correlation line (dotted) 

is shown for reference. 

 

9. Conclusions,
This study was conducted to support ongoing USACE investigations of BMPs to reduce the potential 

discharge of MeHg produced during settling of dredged material from the Sacramento and Stockton 

DWSCs. The following sections discuss the study findings. 

9.1. BMP,Strategy,1:,Discharge,Timing,,

One of the BMP strategies tested in this study was to limit MeHg loads discharged from DMP sites by 

identifying the optimal holding time of effluent. The 2009 monitoring study (AMS, 2010) found that 

holding effluent for approximately 40 days after placement of dredged material (i.e., typically until sites 

were dry) did not result in lower MeHg concentrations in the DMP ponds. The 2010 study (AMS, 2011) 

found that the best time to discharge from S-31 was around two days after placement of dredged material, 

but at Roberts II and Roberts I, where SSC and MeHg concentration decreased overall during the study, 

the optimal discharge time was dependent on the allowable SSC and MeHg concentration in effluent. 

The current study found that the optimal time to discharge effluent from ponds at S-31, Roberts II, and 

Roberts I, after turbidity had decreased but before a rapid increase in MeHg concentration, was about one 

to three days after placement of dredged material (Figure 8-1). This finding is consistent with the 2010 

study’s finding for S-31. Therefore, early discharge of pond water may prove to be an effective strategy 

for minimizing the export of MeHg and turbidity from DMP sites to receiving waters, given the 

constraints of this study. 
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9.2. BMP,Strategy,2:,Vegetation,Removal,,

Another BMP strategy tested in this study focused on reducing overall MeHg production in DMP site 

ponds by removing vegetation from sites prior to placement of dredged material. The logic of this 

approach was to limit the amount of organic carbon available to SRB, which require it as an energy 

source during methylation of inorganic mercury. Vegetation was removed from one of the two monitoring 

cells constructed at each DMP site before introducing dredged material. 

Vegetation removal resulted in considerably lower MeHg concentrations in settling dredged material at 

all three study sites, compared to material placed directly onto existing vegetation. Therefore, clearing 

vegetation appeared be an effective BMP strategy for limiting MeHg production in the monitoring cells.  

9.3. Monitoring,Summary,and,Recommended,Next,Steps,

During 2009–2011, the USACE investigated MeHg production in DMP sites during annual maintenance 

dredging in the Sacramento and Stockton DWSCs. These monitoring studies sought to identify and test 

BMPs for limiting MeHg in potential discharges. The BMP approaches included minimizing MeHg loads 

within discharge from DMPs based upon discharge timing (i.e., after MeHg degrades or before MeHg 

production increases) and limiting overall MeHg production (i.e., removing vegetation). Monitoring 

during 2009 occurred opportunistically across five DMP sites, whereas sampling during 2010–2011 

focused on providing better experimental control by sampling from dredged material placed into smaller, 

constructed cells. 

The study findings so far are as follows: 

1. MeHg was produced at DMP sites as sediment settled from dredged material. 

2. Increased MeHg concentrations at DMP sites did not decrease to pre-inundation levels after about 

40 days. Therefore, awaiting degradation of MeHg in DMP ponds does not appear to be a feasible 

option for limiting MeHg in discharges. 

3. In constructed monitoring cells, there did not appear to be a correlation between soil chemistry 

(MeHg, THg, TOC) and the corresponding chemistry in DMP pond waters. 

4. In monitoring cells, there appeared to be a short period, about one to three days after placement of 

dredged material, when the turbidity of DMP pond water had decreased substantially and MeHg 

concentrations had not yet increased rapidly. This period may provide an opportunity to discharge 

DMP site water while minimizing MeHg and turbidity loads to receiving waters. 

5. In monitoring cells, clearing vegetation before placing dredged material resulted in little to no 

MeHg production, compared to placing material on natural vegetation as has been routinely done. 

Monitoring MeHg dynamics in constructed cells has allowed us to more directly test BMPs, but it is 

important to recognize the limitations of extrapolating results from small-scale, static studies to a 

landscape system in which larger dredge spoil holding ponds would be employed with continued input of 

dredged material. During current maintenance dredging operations, dredged material is pumped onto a 

DMP site for days to weeks and allowed to flow across the landscape within shallow diked areas, with 

new areas opened up as needed to accommodate new material. As such, DMP sites are typically 

characterized by an ongoing influx of flowing water and sediments, instead of the static conditions 



 

  Page 32 

 

(following a short fill period) studied in the constructed monitoring cells. Also, over the broad area of the 

DMP sites, sediment and water from the dredged material are exposed to a wide variety of plant and soil 

conditions that could affect turbidity and water chemistry. In contrast, the relatively small and 

homogeneous monitoring cells were filled rapidly (twice in 24 hours) and then sediment was allowed to 

settle for about two weeks, without adding more material. Despite such differences between the more 

idealized conditions in the cells and the complexity of the natural system, the monitoring cell studies have 

demonstrated that management practices can have some control over MeHg dynamics in a scaled-down 

version of the system, namely via early discharge timing and vegetation removal.  

Although the MeHg monitoring studies described in this report were conducted during maintenance 

dredging, a primary goal of these studies is to apply the findings to designing BMPs to limit MeHg and 

sediment discharges during the potential DWSC Deepening Project in both the Sacramento and San 

Joaquin Rivers. We lack specific information about how conditions at the DMP sites will differ during the 

deepening project, including rates of dredged material placement and effluent discharge, water residence 

time, and travel distance from dredged material placement to discharge. The amount of dredged material 

placed into ponding areas is likely to increase by orders of magnitude relative to maintenance dredging, 

which will require longer periods of inundation of DMP sites and possibly frequent discharges of ponded 

water. Longer inundation could result in very different physical and chemical dynamics in the ponds 

compared with the short-term ponding the sites experience currently. For example, one BMP we tested 

limited overall MeHg production by removing a vegetation source of organic carbon to SRB. However, if 

DMP sites were wet long enough during the deepening project, it is possible that the growth of algae and 

emergent, water-tolerant vegetation could supply sufficient organic carbon to fuel mercury methylation. 

We recommend that future studies focus on investigating MeHg and turbidity dynamics at DMP sites 

under conditions anticipated for the deepening project. Several potential approaches include: 

1. Construct a scale model of the system at one of the DMP sites, perhaps as a flow-through system, 

to measure MeHg and sediment loads “discharged” to an adjacent field under simulated 

conditions expected for the deepening project. 

2. Develop a computer model of the system, and scale up the findings from the monitoring cell 

studies to calculate MeHg and sediment loads. 

3. Identify and test other BMPs given the changed conditions during deepening, including no action 

if residence time of water is less than the time it took for MeHg production to increase in the 

monitoring cells (i.e., less than 2–3 days from introduction). 

Progress on any of these approaches must first involve discussion of anticipated conditions during the 

deepening project. However, one common finding in the monitoring studies that may help guide future 

decisions, regardless of the scale of the system, is that it will be advantageous to minimize the time that 

dredged material is in contact with bioavailable organic matter, so that sediment drops out during sheet 

flow across the landscape and surface water is discharged back out the far end, with minimal time for 

MeHg production. 

 



 

  Page 33 

 

10. References,
Applied Marine Sciences (AMS), 2010. Field Report: Methylmercury Monitoring in Dredged Material 

Placement Sites (Sacramento and San Joaquin DWSCs). Report prepared for Ross Island Sand & 

Gravel Co. and U.S. Army Corps of Engineers, January 2010.  

Applied Marine Sciences (AMS), 2011. Methyl Mercury Best Management Practice Evaluation, 2010 

Sacramento and Stockton Deep Water Shipping Channel Maintenance Dredging Project. Report 

prepared for Ross Island Sand & Gravel and U.S. Army Corps of Engineers, October 2011. 

MPSL-DFG Field Sampling Team, 2007. Standard Operating Procedures (SOPs) for Conducting Field 

Measurements and Field Collections of Water and Bed Sediment Samples in SWAMP. October 15, 

2007. 64 pages.  

Surface Water Ambient Monitoring Program (SWAMP), 2008. Quality Assurance Program Plan, Version 

1.0. September 1, 2008. 

http://www.waterboards.ca.gov/water_issues/programs/swamp/docs/qapp/qaprp082209.pdf  

Weather Underground, 2012a. Daily weather conditions at Sacramento Executive Airport (KSAC) for 

August 1, 2011 to November 30, 2011. Accessed December 2, 2011. 

http://www.wunderground.com/history/airport/KSAC/ 

Weather Underground, 2012b. Daily weather conditions at Stockton Metropolitan Airport (KSCK) for 

August 1, 2011 to November 30, 2011. Accessed December 2, 2011. 

http://www.wunderground.com/history/airport/KSCK/ 

 

 



 

  Page 34 

 

11. Appendix*A*–*Laboratory*Analytical*Results*and*Field*Measurements*
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Table 11-1. Analytical results for water samples collected at DMP site S-31 during August 20–31, 2011.  

Region 

Collection 

Date Day 

Collection 

Time 

Time-zero MeHg 

(ng/L) 

MeHg 

(ng/L) 

THg 

(μg/L) 

SSC 

(mg/L) 

TOC 

(mg/L) Latitude1 Longitude1 

Cleared 

8/20/11 -1 8:45 0.266, 0.226* - - - - 

38.43151 -121.60591 

8/21/11 0 8:10 0.155, 0.148 0.154 0.0215 184 3.7 

8/22/11 1 7:47 - 0.103 - 38 3.4 

8/23/11 2 7:50 - 0.092 - 18 3.8 

8/24/11 3 7:45 - 0.113 - 7.6 4.3 

8/25/11 4 7:55 - 0.097 0.00716 43 4.1 

8/27/11 6 7:50 - 0.164 - 31 5.2 

8/29/11 8 7:55 - 0.203 - 20 5.6 

8/31/11 10 8:05 - 0.317 0.00832 33 6.4 

Vegetated 

8/20/11 -1 9:05 0.253*, 0.252 - - - - 

38.43151 -121.60591 

8/21/11 0 9:40 0.228*, 0.228* 0.231* 0.0337 263 12 

8/22/11 1 8:05 - 0.319 - 62 21 

8/23/11 2 8:05 - 0.575 - 28 32 

8/24/11 3 7:58 - 1.39 - 17 37 

8/25/11 4 8:25 - 3.29 0.00922 15 39 

8/27/11 6 8:02 - 6.84 - 28 28 

8/29/11 8 8:10 - 5.32 - 13 23 

8/31/11 10 8:33 - 5.01 0.0129 26 28 

Effluent 

Discharge 

8/20/11 -1 - 
 

- - - - - - 

8/21/11 0 - - - - - - - - 

8/22/11 1 - - - - - - - - 

8/23/11 2 - - - - - - - - 

8/24/11 3 - - - - - - - - 

8/25/11 4 9:15 - 0.189 0.0211 184 3.4 38.42923 -121.60755 

8/27/11 6 - - - - - - - - 

8/29/11 8 - - - - - - - - 

8/31/11 10 9:13 - 3.48 0.0101 16 10 38.42923 -121.60755 

- Not sampled, per sampling design 
1 WGS-84 datum 
* Estimated value (i.e., between the RL and MDL) 
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Table 11-2. Field measurements of water quality and water column depth at DMP site S-31 during August 20–31, 2011. Collection times 

and GPS coordinates are the same as for analytical results in Table 11-1. 

Region Collection Date Day 

DO Temp ORP 

pH 

EC Turb Water Depth (cm)1 

(mg/L) (°C) (mV) (μS/cm) (NTU) Min Max 

Cleared 

8/20/11 -1 2.75 22.1 28 7.64 1,024 1,183 80 98 

8/21/11 0 5.16 18.8 108 8.09 938 104 80 108 

8/22/11 1 5.98 18.3 108 8.22 924 30.6 80 103 

8/23/11 2 5.64 19.8 104 8.63 885 10.76 70 95 

8/24/11 3 7.83 21.6 96 8.84 980 5.55 66 88 

8/25/11 4 6.26 19.7 88 8.83 913 19.3 56 78 

8/27/11 6 5.5 18.6 66 8.91 905 20.4 29 46 

8/29/11 8 4.98 17.5 54 9.18 973 13.2 5 28 

8/31/11 10 5.56 15.8 54 8.51 863 26.5 0 16 

Vegetated 

8/20/11 -1 2.1 22.4 45 7.65 944 1371 32 50 

8/21/11 0 1.35 20.5 -14 7.55 963 609 30 45 

8/22/11 1 2.24 17.7 -2 7.3 974 42.5 30 44 

8/23/11 2 1.36 19.4 -6 7.13 980 25.0 20 35 

8/24/11 3 1.62 20.8 -109 6.94 1,021 12.4 5 27 

8/25/11 4 2.29 19.2 -118 7.09 1,016 17.4 0 10 

8/27/11 6 2.1 16.7 -49 7.48 1,037 17.5 0 5 

8/29/11 8 3.22 16.5 90 7.81 1,184 11.9 0 5 

8/31/11 10 4.63 17.3 72 8.16 1,251 21.7 0 5 

Effluent Discharge 

8/20/11 -1 - - - - - - - - 

8/21/11 0 - - - - - - - - 

8/22/11 1 - - - - - - - - 

8/23/11 2 - - - - - - - - 

8/24/11 3 - - - - - - - - 

8/25/11 4 5.72 21.8 106 7.95 777 161 - - 

8/27/11 6 - - - - - - - - 

8/29/11 8 - - - - - - - - 

8/31/11 10 3.76 20.6 72 7.73 921 13.7 - - 

- Not sampled, per sampling design 
1 Corrected for accumulated sediment  
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Table 11-3. Analytical results for water samples collected at DMP site Roberts II during October 19–30, 2011. 

Region 

Collection 

Date Day 

Collection 

Time 

Time-zero MeHg 

(ng/L) 

MeHg 

(ng/L) 

THg 

(μg/L) 

SSC 

(mg/L) 

TOC 

(mg/L) Latitude1 Longitude1 

Cleared 

10/19/11 -1 10:30 0.399, 0.414 0.4065 - - - 

37.99381 -121.41743 

10/20/11 0 9:27 0.703, 0.720 0.601 0.4500 4,250 6.5 

10/21/11 1 9:55 - 0.123* - 580 3.7 

10/22/11 2 8:40 - 0.100* - 355 3.4 

10/23/11 3 9:03 - 0.075 - 283 3.6 

10/24/11 4 9:15 - 0.072 0.0564 242 3.5 

10/26/11 6 10:25 - 0.083 - 188 3.4 

10/28/11 8 8:00 - 0.066 - 118 3.5 

10/30/11 10 8:07 - 0.038* 0.0287 51 3.4 

Vegetated 

10/19/11 -1 10:45 0.349, 0.348 0.3485 - - - 

10/20/11 0 9:57 0.566, 0.551 0.505 0.2730 1,700 9.2 

10/21/11 1 10:20 - 0.225* - 627 11 

10/22/11 2 9:02 - 0.238* - 525 14 

10/23/11 3 9:30 - 0.368 - 426 18 

10/24/11 4 9:55 - 1.02 0.0497 328 5.2 

10/26/11 6 10:45 - 1.72 - 225 16 

10/28/11 8 8:20 - 1.54 - 196 15 

10/30/11 10 8:35 - 1.58 0.0311 139 11 

Effluent 

Discharge 

10/19/11 -1 - - - - - - 

37.99353 -121.41759 

10/20/11 0 - - - - - - 

10/21/11 1 - - - - - - 

10/22/11 2 - - - - - - 

10/23/11 3 - - - - - - 

10/24/11 4 10:30 - 0.168 0.0206 75 4.2 

10/26/11 6 - - - - - - 

10/28/11 8 - - - - - - 

10/30/11 10 9:15 - 0.115 0.0137 60 30 

- Not sampled, per sampling design 
1 WGS-84 datum 
* Estimated value (i.e., between the RL and MDL) 
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Table 11-4. Field measurements of water quality and water column depth at DMP site Roberts II during October 19–30, 2011. Collection 

times and GPS coordinates are the same as for analytical results in Table 11-3. 

Region 

Collection 

Date Day 

DO Temp ORP 

pH 

EC Turb Water Depth (cm)1 

(mg/L) (°C) (mV) (μS/cm) (NTU) Min Max 

Cleared 

10/19/11 -1 1.53 19.20 49 7.07 275 4,066 135 160 

10/20/11 0 0.72 18.50 -54 7.28 314 >8,000* 140 160 

10/21/11 1 1.58 17.70 83 7.18 307 920 117 139 

10/22/11 2 3.25 17.00 110 7.32 308 616 110 129 

10/23/11 3 2.40 17.80 99 7.33 296 215 100 125 

10/24/11 4 2.00 17.90 105 7.30 307 216 95 115 

10/26/11 6 5.90 15.30 82 7.50 298 178 90 110 

10/28/11 8 5.57 13.00 93 7.81 341 145 85 105 

10/30/11 10 5.79 13.40 171 7.61 295 116 80 100 

Vegetated 

10/19/11 -1 3.48 NS 57 7.26 231 1,914 50 70 

10/20/11 0 1.27 20.80 9 6.98 288 4,092 63 80 

10/21/11 1 1.09 18.40 -20 7.12 376 1,037 45 68 

10/22/11 2 1.63 16.90 19 7.06 382 826.0 35 58 

10/23/11 3 1.03 16.80 -17 6.96 392 662 25 45 

10/24/11 4 3.37 17.30 -24 6.93 441 184 25 35 

10/26/11 6 1.87 15.40 -7 7.20 422 152 18 25 

10/28/11 8 2.05 10.60 29 7.07 447 130 8 25 

10/30/11 10 1.98 11.10 42 7.28 415 105 3 25 

Effluent 

Discharge 

10/19/11 -1 - - - - - - - - 

10/20/11 0 - - - - - - - - 

10/21/11 1 - - - - - - - - 

10/22/11 2 - - - - - - - - 

10/23/11 3 - - - - - - - - 

10/24/11 4 3.50 18.90 65 7.60 382 106.2   

10/26/11 6 - - - - - - - - 

10/28/11 8 - - - - - - - - 

10/30/11 10 8.12 12.20 87 7.98 354 64.4 - - 

NS = Not sampled  

- Not sampled, per sampling design 
1 Corrected for accumulated sediment. Cleared cell assumes same sediment height as vegetated cell (see text). 
* Value exceeded instrument range after two 50% dilutions 
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Table 11-5. Analytical results for water samples collected at DMP site Roberts I during October 31 to November 11, 2011. 

Region 

Collection 

Date Day 

Collection 

Time 

Time-zero MeHg 

(ng/L) 

MeHg 

(ng/L) 

THg 

(μg/L) 

SSC 

(mg/L) 

TOC 

(mg/L) Latitude1 Longitude1 

Cleared 

10/31/11 -1 9:57 0.623, 0.764 - - - - 

37.97097 -121.3766 

11/1/11 0 10:00 0.242, 0.243 0.257 0.0972 868 6.4 

11/2/11 1 9:47 - ND - 154 6.3 

11/3/11 2 10:00 - 0.100 - 132 6.3 

11/4/11 3 9:55 - 0.101 - 122 6.2 

11/5/11 4 9:17 - 0.101 0.0202 104 6.3 

37.97091 -121.37598 
11/7/11 6 9:42 - 0.083 - 42 6.7 

11/9/11 8 9:06 - 0.069 - 21 7.3 

11/11/11 10 9:13 - 0.075 0.00836 18 7.9 

Vegetated 

10/31/11 -1 10:07 0.572, 0.479 - - - - 

37.97097 -121.3766 

11/1/11 0 10:23 0.411, 0.396 0.390 0.104 998 13 

11/2/11 1 10:16 - 0.155 - 196 12 

11/3/11 2 10:30 - 0.378 - 160 15 

11/4/11 3 10:18 - 0.487 - 117 15 

11/5/11 4 9:49 - 0.743 0.0159 96 19 

37.97091 -121.37598 
11/7/11 6 10:00 - 1.22 - 58 24 

11/9/11 8 9:21 - 1.91 - 46 28 

11/11/11 10 9:47 - 3.29 0.0151 41 31 

Effluent 

Discharge 

10/31/11 -1 - - - - - - 

37.97037 -121.37954 

11/1/11 0 - - - - - - 

11/2/11 1 - - - - - - 

11/3/11 2 - - - - - - 

11/4/11 3 - - - - - - 

11/5/11 4 10:17 - 0.140 0.0445† 353 5 

11/7/11 6 - - - - - - 

11/9/11 8 - - - - - - 

11/11/11 10 10:22 - 0.141 0.0223 79 6.5 

- Not sampled, per sampling design 
1 WGS-84 datum 
* Estimated value (i.e., between the RL and MDL) 
† Result is for a single grab sample instead of a composite of three, due to a lab compositing error 

ND = Not detected 
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Table 11-6. Field measurements of water quality and water column depth at DMP site Roberts I during October 31 to November 11, 2011. 

Collection times and GPS coordinates are the same as for analytical results in Table 11-5. 

Region Collection Date Day 

DO Temp ORP 

pH 

EC Turb Water Depth (cm)1 

(mg/L) (°C) (mV) (μS/cm) (NTU) Min Max 

Cleared 

10/31/11 -1 0.81 17.00 -44 7.18 472 4,686 >107 >108 

11/1/11 0 2.69 15.20 97 7.30 521 1,683 >107 >108 

11/2/11 1 4.14 14.50 156 7.45 522 145 >107 >108 

11/3/11 2 4.60 12.80 163 7.63 558 108 >107 >108 

11/4/11 3 4.92 11.20 144 7.62 541 106 >107 >108 

11/5/11 4 6.79 10.50 141 7.68 535 93.3 >107 >108 

11/7/11 6 6.78 10.90 145 7.98 537 48.7 >107 >108 

11/9/11 8 7.14 10.50 166 7.74 516 27.9 97 108 

11/11/11 10 7.55 10.80 159 7.97 547 25.3 93 98 

Vegetated 

10/31/11 -1 1.03 16.50 -33 7.21 501 4,056 75 95 

11/1/11 0 1.54 15.50 -31 7.13 538 2,281 53 72 

11/2/11 1 1.85 15.40 169 7.28 558 155 53 65 

11/3/11 2 1.43 12.30 50 7.21 620 115 50 65 

11/4/11 3 1.46 11.90 53 7.38 609 95.1 45 65 

11/5/11 4 2.72 9.20 40 7.02 608 78.3 35 48 

11/7/11 6 1.59 12.10 -14 7.30 623 54.1 30 43 

11/9/11 8 2.24 10.10 3 7.33 607 36.9 25 35 

11/11/11 10 2.00 9.50 70 7.13 643 27.1 19 24 

Effluent Discharge 

10/31/11 -1 - - - - - - - - 

11/1/11 0 - - - - - - - - 

11/2/11 1 - - - - - - - - 

11/3/11 2 - - - - - - - - 

11/4/11 3 - - - - - - - - 

11/5/11 4 4.20 10.20 77 7.40 511 612 
  

11/7/11 6 - - - - - - - - 

11/9/11 8 - - - - - - - - 

11/11/11 10 4.70 10.70 82 7.40 839 70 - - 

- Not sampled, per sampling design 
1 Corrected for accumulated sediment. Depths in the cleared cell exceeded the height of the depth gauges through Day 6. 
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12. Appendix+B+–+QA/QC+Sample+Results+
 

Table 12-1. Results for QA/QC samples collected during the 2011 monitoring study. 

Site Region Collection Date Day QA Sample Type MeHg (ng/L) THg (μg/L) 

S-31 

Vegetated 8/21/11 0 Field Duplicate 0.231*, 0.223* (3.5%) - 

Vegetated 8/22/11 1 Field Blank ND - 

Vegetated 8/23/11 2 Field Blank ND - 

Vegetated 8/24/11 3 Field Blank 0.034* - 

Cleared 8/25/11 4 Field Duplicate 0.097, 0.098 (1%) 0.00716, 0.00864 (18.7%) 

Vegetated 8/25/11 4 Field Blank - ND 

Effluent Discharge 8/25/11 4 Field Blank ND 0.00016* 

- 8/27/11 6 Trip Blank ND ND 

Cleared 8/31/11 10 Field Duplicate 0.317, 0.319 (0.6%) - 

Effluent Discharge 8/31/11 10 Field Blank ND - 

Roberts II 

Vegetated 10/20/11 0 Field Duplicate 0.505, 0.516 (2.2%) - 

Vegetated 10/20/11 0 Field Blank ND ND 

- 10/20/11 0 Trip Blank ND ND 

Vegetated 10/21/11 1 Field Blank ND - 

Vegetated 10/22/11 2 Field Blank ND - 

Cleared 10/24/11 4 Field Duplicate 0.072, 0.081 (11.8%) 0.0564, 0.0569 (0.9%) 

Effluent Discharge 10/24/11 4 Field Blank ND ND 

Cleared 10/30/11 10 Field Duplicate 0.038*, 0.044* (14.6%) - 

Vegetated 10/30/11 10 Field Blank ND - 

Effluent Discharge 10/30/11 10 Field Blank ND - 

Roberts I 

Vegetated 11/1/11 0 Field Duplicate 0.390, 0.439 (11.8%) - 

Vegetated 11/1/11 0 Field Blank ND ND 

- 11/1/11 0 Trip Blank ND ND 

Vegetated 11/2/11 1 Field Blank ND - 

Vegetated 11/3/11 2 Field Blank ND - 

Cleared 11/5/11 4 Field Duplicate 0.101, ND (1.0%) 0.0202, 0.0180 (11.5%) 

Effluent Discharge 11/5/11 4 Field Blank ND 0.00018* 

Cleared 11/11/11 10 Field Duplicate 0.075, 0.074 (1.3%) - 

Effluent Discharge 11/11/11 10 Field Blank ND - 

Results for field duplicates are presented as “Sample, Duplicate (RPD),” where RPD is the relative percent difference 

between the two values (SWAMP, 2008) 

ND = Not Detected 

- = Trip blanks are not associated with a specific region 
* Estimated value (i.e., between the RL and MDL) 
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13. Appendix+C+–+Laboratory+Analytical+Reports+and+Data+Sheets+
Electronic versions of laboratory analytical reports and data sheets for all samples analyzed for this study are 

found on the accompanying CD. 


